The effect of low melting fractions of milk fat on oxidative stability of ice cream was investigated. Cream was fractionated at three different temperatures (25, 15, and 10 • C), designated as LF-25, LF-15, and LF-10. All the low melting fractions were individually incorporated into ice cream and compared with a control, unmodified milk fat. The other ingredients were the same as in the control. Ice creams were stored at -18
INTRODUCTION
Ice cream is a frozen dairy product prepared from milk derived and other functional ingredients. [1, 2] Milk fat provides body, rich flavor, and typical mouth feel to ice cream. [3] Saturated part of milk fat is criticized for having a detrimental effect on uplifting harmful LDL cholesterol in the human body. [4] Many strategies have been developed to increase the extent of unsaturated fatty acids in ice cream; most of the strategies involve using vegetable oils. [5] Replacement of milk fat with vegetable oils is beneficial for health and from economical viewpoints. The use of vegetable oil in ice cream impairs the flavor of ice cream; customers are not willing to compromise on typical sensory characteristics of ice cream. [6] Lowering or replacement of milk fat results in the decline of short-chain fatty
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NADEEM, SITU, AND ABDULLAH acids that are unique to milk fat, which also exert a negative impression on taste perceptions. The replacement of milk fat with vegetable oils is not an appropriate and widely accepted solution of the problem. The situation demands more than mere blending and replacement practices. Fractionation of milk fat is an unique process that increases the concentration of short-chain fatty acids in the low melting fractions, which have a major contribution in flavor. [7] The fatty acid composition of milk fat fractions was significantly different from the parent milk fat. [8, 9] Milk fat with modified fatty acid composition is susceptible to oxidation. [10] Oxidation in ice cream prepared from milk fat with modified fatty acid profile has been studied. [11] The changes in fatty acid composition were created through feeding rumen protected fatty acids. Addition of olein fractions of milk fat in ice cream emulsions considerably improved the whipping ability and overrun. [12] Keeping in view the health and functional benefits of low melting fractions of milk fat; they may be recommended for the use in ice cream on a large scale, but the fate of these fractions from the oxidation point of view has not been fully studied. Therefore, this study was designed to fractionate the milk fat at three different temperature programs and study their oxidative stability in ice cream for a period of six months on the basis of certain chemical and sensory characteristics.
MATERIALS AND METHODS

Materials and Fractionation of Cream
Cream was obtained from Solerco, United Kingdom. The reagents used in this study were HPLC grade and obtained from Sigma Aldrich, UK. Cream was heated to 65
• C for 40 min in 2 L Pyrex beakers, gradually cooled down to the fractionation temperature (2 • C drop in 5 min). Held at a respective fractionation temperature for 2 h, filtered over Buckner funnel, flask fitted with a vacuum pump (600 mm Hg, Buchi). Fractionation at the respective temperatures (25, 15 , and 10
• C) was repeated for five times, pooled, stored at -60
• C in the biomedical freezer (Sanyo) in polyethylene zip bags and used in this study within one week. [7] Manufacturing and Storage of Ice Cream Ice cream was manufactured from olein fractions, separated at 25, 15, and 10
• C, designated as LF-25, LF-15, and LF-10, compared with a control; unmodified milk fat. Formulation of control comprised of 10% milk fat, 11% MSNF, 13% sugar, and 0.5% stabilizer and emulsifier. [6] The ice cream mix was heated to 70
• C, homogenized on a lab scale one stage homogenizer (APV) at 200 Bar pressure, pasteurized at 85
• C for 60 seconds, cooled, aged at 4
• C for 16 h and frozen in BLD-300 freezer (China). Overrun of all the treatments was adjusted to 70%; ice cream was filled in polypropylene cups and stored at -18
• C for six months. Oxidative stability of ice cream was studied at the interval of one month.
Analysis
Milk fat was extracted from ice cream by following the recommended method. [13] Mehtylation technique was used for the preparation of fatty acid methyl esters as prescribed by. [14] After the completion of methylation, distilled water was added (10 mL) and the contents were transferred to a centrifuge tube (40 mL) and centrifuged for 20 min at 2000 g, followed by drying of hexane layer on sodium sulfate and injected into gas chromatograph (GC) (Hewlett Packard GC System HP 6890) fitted with SP 2560 fused silica capillary column (100 m × 0.25 mm × 0.2 µm), using flame ionization detector (FID), the temperature of injector and detector was 240
• C. Identification and quantification of fatty acid methyl esters (FAME) was performed by using internal standards (FAME 37 KT, Sigma Aldrich, UK). Peroxide value, fatty acids, anisdine, and iodine values were determined according to the standard methods of the American Oil Chemist's Society; Wijs solution was prepared from glacial acetic acid, carbon tetra chloride, iodine resublimed, and iodine tricholride and blank reading was determined against standard 0.1-N sodium thiosulphate solution. [15] Sensory evaluation of ice cream was performed in sensory evaluation booths; 3-digits, randomly coded samples were offered in completely randomized orders in plastic cups. The five trained judges who had previous experience in the detection of oxidation/oxidized flavor were selected from dairy and food processing industries, asked to rate the samples on a sensory evaluation using 9-point scale (9: best; 1: worst) as instructed by Performa. [16] The results of triplicate experiments and triplicate analysis of each sample were expressed as mean ± SD, analyzed by analysis of variance techniques (one way and two way), to find out the significant difference among the treatments, Duncan Multiple Range Test was used. [17] RESULTS AND DISCUSSION Fractionation of milk fat at three specific temperature programs induced marked changes in the fatty acid composition of olein fractions. Concentration of short-chain fatty acids and long chain unsaturated fatty acids tended to increase in the modified version of the fats at all the three fractionation temperatures ( Table 1 ). The decline in the concentration of C16:0 and rise in the extent of C18:1 and C18:2 possess a health benefit. The collective concentration of C18:1 and C18:2 in LF-10 increased to 29.11% over the parent milk fat (Figures 1-4) . C18:1 has been recognized to have a positive effect in the lowering of harmful LDL-cholesterol from the human body. The dietary recommendations suggest that out of 30% of the total caloric requirement to be fulfilled from fats and oils; 50% should be met from monounsaturated fatty acids to decrease the chances of heart diseases. [18] A 40% decline in the concentration of C16:0 was observed in LF-10. Migration of saturated fatty acids in the stearin fraction and unsaturated fatty acids in the olein fraction created major changes in the fatty acid composition of milk fat fractions over the parent milk fat. [7, 8] Storage period and changed fatty acid composition had a pronounced effect on fatty acid composition of olein based ice creams. C16:0 and C18:0 followed an increasing trend, whereas of C18:1 and C18:2 revealed a declining trend. Concentration of C16:0 and C18:0 enhanced by 2.19 and 1.63% in LF-10 after six months of storage at -18 • C. About 3% decline in the concentration of C18:1 was noted in LF-10 at the end of storage period (Table 2) . C18:2 underwent a serious autoxidation; about 50% of the fatty acid was lost in the oxidative breakdown from the initial value. The changes in the fatty acid composition of ice cream were used an indicator of the autoxidation took place during storage, as accelerated oxidation techniques are normally not used for the assessment of the oxidation status of ice cream. The increase or decrease in the fatty acid concentration was dependent on the extent of autoxidation took place as a function of the degree of unsaturation and storage. Drastic changes in C18:2 could be attributed to the presence of a high degree of unsaturation. The oxidation rate of C18:2 is 12 times more than C18:1. [19] The concentration of unsaturated fatty acids in ice cream decreased during storage by 42 days as a function of enrichment of milk fat with flaxseed oil. [20] Oils having a high degree of unsaturation possess low oxidative stability. Enhancement of unsaturated fatty acids in butter fat significantly reduced its keeping quality. [10] Free fatty acids of all the treatments and control numerically increased during the storage period of six months ( Table 3 ). The classical rise of free fatty acids was not specific to any treatment; virtually all the treatments including control were affected. The rise of free fatty acids is not correlated to the autoxidation phenomenon. [21] Free fatty acids are produced as a result of enzymatic activity, metal ion contamination, presence of moisture in the food systems. [22] The increase of free fatty acids could also be attributed to the presence of lipase enzymes which enter into the milk through the blood stream and can hydrolyze the triglycerides when fat globule membrane is not intact due to any reason. [23] Ice cream mix was homogenized; the fat globule membrane was broken down and plenty of water was also available to support the hydrolytic activities of biocatalysts. Free fatty acids of ice cream increased during storage, regardless of the fatty acid composition. [9] Abdullah et al. [24] reported a slight increase in acidity of ice cream during storage. Free fatty acids have a strong correlation with shelf life and quality of foods; higher amounts of free fatty acids usually give rise to problem of off-flavors and poor keeping quality. [25] The peroxide value of all the treatments and control increased varyingly during the storage period. It can be seen from the results of Table 4 that peroxide value shoot up (P < 0.05) in the low melting fractions based ice creams after two months of storage and significant rise was observed in the rest 
Control 0.08 ± 0.01b 0.08 ± 0.02b 0.09 ± 0.03b 0.09 ± 0.02b 0.09 ± 0.03b 0.11 ± 0.02a 0.12 ± 0.03a LF-25 0.08 ± 0.01b 0.08 ± 0.01b 0.08 ± 0.01b 0.08 ± 0.01b 0.08 ± 0.02b 0.11 ± 0.01a 0.11 ± 0.04a LF-15 0.08 ± 0.01b 0.08 ± 0.01b 0.8 ± 0.03b 0.08 ± 0.01b 0.09 ± 0.03b 0.12 ± 0.03a 0.12 ± 0.03a LF-10 0.08 ± 0.01b 0.08 ± 0.01b 0.09 ± 0.02b 0.09 ± 0.01b 0.09 ± 0.04b 0.11 ± 0.02a 0.12 ± 0.02a
Means ± SD of triplicate experiments and triplicate analysis of each sample. Means carrying similar letter in rows and columns are not different. M: Month. Refer to Table 1 for the detail of treatments.
TABLE 4 Effect of olein fractions on peroxide value (meq/kg) of ice cream
Means carrying a similar letter in rows and columns are not different. Means ± SD of triplicate experiments and triplicate analysis of each sample. M: Month. Refer to Table 1 for the detail of treatments.
of the storage period in all the treatments. Peroxide value is regarded as one of the most important and useful test for the determination of primary oxidation products. [26] Enhancement of unsaturated fatty acids in milk fat by the fat modification strategies may enhance the autoxidation process. [27] The shoot up of peroxide value could be appropriately attributed to the relatively higher extent of unsaturated fatty acids inducted in olein fractions by the fractionation process. Gonzalez et al. [11] modified the fatty acid composition of milk fat through feeding management, milk with modified fatty acid composition was incorporated into ice cream, significant (P < 0.05) rise in peroxide value was observed after two months of storage. Oxidative stability of ice cream prepared by the addition of flax seed oil was inferior to original milk fat. [20] The peroxide value of butter oil with modified fatty acid profile increased during long term storage. [10] In this study the oxidation rate of C16:0, C18:0, C18:1, and C18:2 were compared; the relative rate of oxidation of these fatty acids is 1:100:1200:2500, respectively, i.e., presence of more unsaturated fatty acids will make the fat vulnerable to autoxidation. [28] The peroxide value of milk fat with altered fatty acid profile was more than the original milk fat. [29] The results of anisidine value of ice cream prepared from low melting fractions of milk fat and control are given in Table 5 . Anisidine value increased numerically throughout the storage period, significant changes (P < 0.05) could be observed after two months of storage. The maximum rise was observed in LF-10, followed by LF-15, LF-25, and control. The significant difference in anisidine value of ice creams supplemented with low melting fractions of milk fat and control could be rightly correlated to the higher extent of unsaturated fatty acids, which were seriously oxidized and yielded the higher extent of oxidation products during six months storage period. Nadeem et al. [10] recorded higher concentration of oxidation products when butter oil with modified fatty acid profile was stored for three months. The extent of oxidation products in the butter increased during 
3.8 ± 0.05h 3.9 ± 0.05h 4.0 ± 0.1h 4.9 ± 0.2f 5.5 ± 0.1e 5.7 ± 0.4e LF- 25 3.8 ± 0.3h 3.9 ± 0.1h 3.9 ± 0.1h 4.4 ± 0.3g 5.6 ± 0.1e 6.8 ± 0.1d 7.9 ± 0.3c LF- 15 3.8 ± 0.1h 3.9 ± 0.02h 3.9 ± 0.2h 4.9 ± 0.4f 6.5 ± 0.1d 7.9 ± 0.3c 9.5 ± 0.9b LF-10 3.9 ± 0.1h 4.0 ± 0.03h 4.0 ± 0.2h 5.8 ± 0.5e 7.8 ± 0.5c 9.7 ± 0.8b 11.2 ± 0.7a
Means ± SD of triplicate experiments and triplicate analysis of each sample. Means carrying a similar letter in rows and columns are not different. M: Month. Refer to Table 1 for the detail of treatments. 
Means ± SD of triplicate experiments and triplicate analysis of each sample. Means carrying a similar letter in rows and columns are not different. M: Month. Refer to Table 1 for the detail of treatments.
storage. [30] Krause et al. [31] monitored the changes in butter stored at freezing temperature for one year and found higher concentrations of oxidation products as a function of storage. Determination of anisidine value provides useful information about the amount of secondary oxidation products. [32] Gulla and Waghray [33] also observed a strong correlation between the oxidation products and extent of unsaturated fatty acids.
The results of specific extinctions of fat extracted from ice cream; measured at 232-name is given in Table 6 . About a 3-fold increase was observed in the concentration of secondary oxidation products in LF-10. Determination conjugated dienes is an important parameter to recognize the status of oxidation products in fats. [34] The higher levels of oxidation products in olein based ice creams gave a clue of the magnitude of oxidation faced by the olein based ice creams, during six months of storage. The concentration of conjugated dienes in LF-10 increased from 0.31 to 4.72. Concentration of conjugated dienes depends upon the extent of oxygen absorbed by the fats. [35] Blends of oils containing higher quantities of polyunsaturated oils yielded higher amounts of conjugated dienes and trienes. [33] Nadeem et al. [10] also observed a rising trend of conjugated dienes when butter oil with elevated levels of unsaturated fatty acids was stored for three months.
Steady increase of oxidation products was observed in all the treatments and control which became significant after two months of storage in all the treatments. Iodine value of all the treatments and control decreased during storage of six months ( Table 7 ). The drop in iodine value was more pronounced in LF-10; which was dropped by 1.56 points from the initial value as compared to the drop in control; 0.43 points. The numeric decline in iodine value was due to the saturation of fatty acids during autoxidation by the oxygen. The extent of the drop in iodine value showed a proportional relationship with the degree of unsaturation. Determination of iodine value is an important parameter to know the intensity of autoxidation. [36] Iodine value of sunflower and soybean oil decreased Table 1 for the detail of treatments.
during six months storage. [26] Gulla and Waghray [33] observed that oils rich in polyunsaturated fatty acids responded more to the drop of iodine value. Milk fat with modified fatty acid profile was more vulnerable to autoxidation than normal milk fat. [11, 27] It can be seen from the results of Table 8 that flavor score for all the treatments and control were at par with each other (P > 0.05) in fresh and two months stored olein based ice creams. Whenever the milk fat is fully or partially replaced with vegetable fats or oils, flavor score decreases, even in the fresh ice cream. The addition of vegetable oils in ice cream decreases the concentration of short-chain fatty acids, which are mainly responsible for a typical flavor of milk fat. This is the unique benefit of using low melting milk fat fractions in ice cream over vegetable oils. In this investigation, milk fat fractions were employed in the formulation of ice cream, which has a higher concentration of short-chain fatty acids over normal milk fat. The flavor score tended to deteriorate as the storage period was prolonged. After six months of storage the lowest score was obtained by LF-10 and a decline of 3.6 was observed in flavor score from the initial value. When flavor scores were correlated with oxidation progress, a strong correlation was observed within flavor score and oxidation phenomenon. Determination frequencies showing a higher degree of oxidation showed a lower flavor score.
CONCLUSION
Fractionation of milk fat at three different temperature programs significantly influenced the fatty acid composition of all the low melting fractions. Olein based ice creams endured autoxidation phenomenon, which was speeded after two months of storage, generated higher extents of primary and secondary oxidation products. The results of this study suggest that low melting fractions of milk fat can be used in the formulation of functional ice cream, but it should not be stored for more than two months at -18
• C, the storage of olein based ice cream at -30 • C may improve oxidative stability.
